Abstract. Krukenberg tumor is a rare metastastic tumor of the ovary, characterized by poor prognosis. In order to analyze the clinical characteristics and prognostic factors, we retrospectively investigated 128 patients who were diagnosed with Krukenberg tumor between January, 1990 and December, 2010. The median patient age was 48 years. The median overall survival (OS) of Krukenberg tumor for all patients was 16 months (95% CI: 15-19 months). The median OS among patients with Krukenberg tumors of gastric, colorectal, breast and other origins (including appendix, gallbladder, small intestine and unknown primary) was 11, 21.5, 31 and 19.5 months, respectively (P<0.0001). In the univariate analysis, synchronous metastasis, no chemotherapy, ovarian metastasis beyond the pelvis, ascites and no metastasectomy were identified as significant poor prognostic factors. The multivariate analysis suggested that synchronous metastasis (P=0.0080), pelvic invasion (P=0.0138), ascites (P<0.0001) and no metastasectomy (P=0.0060) were independent factors for predicting unfavorable OS. It was suggested that the prognosis of Krukenberg tumor is dismal and ovarian metastasectomy may prove beneficial. Adequate treatment planning is required for this group of patients.
Introduction
Krukenberg tumor is a rare metastatic signet ring cell tumor of the ovary, accounting for 1-2% of all ovarian tumors. The stomach is the primary site in the majority of Krukenberg tumor cases, followed by carcinomas of the colon, appendix and breast, particularly invasive lobular carcinoma (1) . The eponym was attributed to this tumor following the description of 5 cases by Friedrich Krukenberg (1871-1946) in 1896, who described it as being common among young women, presenting with ascites, an uneven knobby ovarian surface and lymphatic involvement (2) . These tumors are characterised by uncertain pathogenesis, challenging etiological diagnosis and poorer prognosis compared with their primaries. Previously, any metastatic ovarian cancer was referred to as Krukenberg tumor; however, Novak and Gray (3) created new diagnostic criteria to eliminate any confusion. Accordingly, a mucin-secreting signet ring cell carcinoma in the dense fibroblastic stroma of the ovary is referred to as Krukenberg tumor. The diagnosis of Krukenberg tumor is currently based on the diagnostic criteria of the World Health Organization based on the pathological description by Serov and Scully (4) . The presence of the following characteristics is required for diagnosis: Stromal involvement, mucin-producing neoplastic signet ring cells and ovarian stromal sarcomatoid proliferation.
Krukenberg tumor is considered as a late-stage disease with poor prognosis and may account for 30-40% of metastatic cancers to the ovaries (5). The treatment approach to these metastatic ovarian tumors remains controversial. To date, treatment mainly consists of ovarian metastasectomy, chemotherapy or radiotherapy; however, the optimal treatment has not yet been established. As the biological behavior and clinical outcome of Krukenberg tumors are rarely summarized, the aim of this retrospective study was to analyze the characteristics and outcome of all patients with Krukenberg tumors over a 20-year period, evaluate the clinical characteristics of such tumors and investigate the prognostic factors.
records and pathology reports. Clinical and pathological variables included age, menopausal status, size of ovarian metastasis of pathologic gross specimen, pathology reports, primary tumor site and subsequent therapy. The quality of the cancer registry database was reviewed and approved by the Ethics Committee of the First Affiliated Hospital of Xi'an Jiaotong University School of Medicine. Overall survival (OS) was calculated from the date of diagnosis of the primary tumor or ovarian metastasis to the date of death or last follow-up. If the time interval between the diagnosis of the primary tumor and that of the ovarian metastasis exceeded 6 months, the metastasis was defined as metachronous in the present study.
Statistical analysis. Statistical analysis was performed using SPSS software, version 17.0 (SPSS Inc., Chicago, IL, USA). A two-sided P<0.05 was considered to indicate a statistically significant difference. The Kaplan-Meier method was used to calculate survival. Clinically relevant variables were analyzed univariately for their association with OS using the log-rank test. The independent prognostic significance of variables in terms of survival was determined in a multivariate analysis using the Cox proportional hazards regression model and the estimates are presented as hazard ratio (HR) with 95% confidence interval (CI).
Results

Clinical characteristics.
A total of 128 patients were enrolled in this study. The baseline patient characteristics are listed in Table I . The median age at diagnosis of Krukenberg tumor was 48 years (range, 27-65 years). The most common primary tumors were located in the colorectum (58, 45.31%) and the stomach (41, 32.03%). Krukenberg tumors were more common in premenopausal women (75.78%) rather than in postmenopausal women. Of the 128 patients, 92 (71.87%) had metachronous ovarian metastasis. The treatment options for Krukenberg tumor include metastasectomy and chemotherapy: Metastasectomy was performed in 114 patients (89.06%), whereas 14 patients (10.94%) did not undergo surgery due to additional metastatic lesions; chemotherapy was administered to 89 patients (69.53%). The surgical procedures included unilateral or bilateral adnexectomy and hysterectomy with bilateral adnexectomy. The main chemotherapeutic drugs included cisplatin, carboplatin, oxaliplatin, docetaxel and 5-fluorouracil. The majority of the patients received 2-or 3-drug combinations, usually for 4-6 cycles. The majority of the cases (98, 76.56%) exhibited bilateral ovarian involvement. The median ovarian tumor size was 9.6 cm (range, 4-18 cm), with 58.60% of the patients having tumors sized ≥10 cm. A total of 63 patients (49.22%) presented with ascites, while 65 patients (50.78%) had no apparent ascites at diagnosis. A total of 71 patients (55.47%) had ovarian metastasis, while 57 patients (45.53%) had combined metastases outside the ovaries, including the pelvis, bone, lung and other distant organs.
Prognosis of Krukenberg tumor. The OS of the 128 patients ranged between 5 and 52 months. The median OS was 16 months (95% CI: 15-19 months) (Fig. 1) . Among all patients, the mean OS for tumors originating in the breast was longer compared with that for tumors of gastric origin (31 vs. 11 months, respectively; P<0.0001). Among all patients, those with metachronous cancer exhibited a longer mean survival time compared with those who exhibited synchronous metastases (P=0.0113). The patients with metastatic disease confined to the ovaries had a median survival time of 23 months compared with 13.5 months for those with more extensive metastasis (P<0.0001) (Table II) . By contrast, no correlation was observed between patient age and survival. Menopausal status, bilaterality and size of ovarian metastases were also included in the univariate analysis; however, these (Table II and Fig. 2 ).
Discussion
The outcome and prognosis of the 128 patients with Krukenberg tumor included in our study reflects the complexity and challenges in the management of this patient population. The prognosis of Krukenberg tumor is dismal and the benefit of ovarian metastasectomy remains to be elucidated.
Although Krukenberg tumors may be induced by complex mechanisms, lymph node metastasis is considered to be the most significant risk factor for recurrence. It was reported that patients with Krukenberg tumor were younger compared with those who had primary ovarian cancer, whereas the functioning ovary was prone to metastatic disease due to the rich ovarian blood supply predisposing to hematogenous metastasis (6) . Several mechanisms have been suggested to explain the progression and recurrence pathway of gastric cancer, such as lymphatic spread, hematogenous spread, direct invasion and peritoneal seeding. Among these, the incidence of hematogenous recurrence is the highest (7, 8) . The exact mechanism of the spread of breast cancer to the ovaries had not been elucidated, but the risk of primary ovarian cancer is increased in women with breast-ovarian cancer syndrome, which is caused by BRCA1/2 mutations (9).
Univariate analysis Multivariate analysis -------------------------------------------------------------------------------------------------------------------------------------------
The most common primary tumor site in patients with Krukenberg tumor is reportedly the stomach (1,10,11) . However, recent observations have reported a higher incidence of colorectal rather than gastric origin and, in particular, more frequently from the colon rather than the rectum (12) , which was consistent with the findings in our study, as over half of our patients exhibited primary colorectal cancer. Radiotherapy for rectal cancer with lymphovascular invasion may contribute to reducing the risk of ovarian spread.
The survival of patients with Krukenberg tumor is associated with the primary tumor site. In our study, patients with tumors originating in the breast exhibited the longest median OS of 31 months, followed by those with cancer of colorectum, with a median survival time of 21.5 months; the prognosis of patients with a gastric origin was the poorest (median OS, 11 months), which was comparable with previous data (13) . The possible explanations are as follows: i) The prognosis of advanced gastric cancer is worse compared with that of advanced colorectal cancer; and ii) patients with Krukenberg tumor of gastric origin usually exhibit a lower performance status score and severe anemia. Furthermore, breast cancer is generally associated with a better prognosis compared with tumors of the gastrointestinal tract.
In the present study, we identified synchronous ovarian metastasis as an independent risk factor associated with poor survival. It was previously reported that synchronous ovarian metastasis was an unfavorable factor correlated with poor survival (14) , which was consistent with our study, suggesting that the metastasis-free interval was shortened between primary tumor diagnosis and ovarian metastasis.
The survival of patients without ascites was significantly longer compared with that of patients with ascites (median OS, 23 vs. 13 months, respectively; P<0.0001) and ascites was found to be an independent risk factor associated with poor survival. These results were consistent with those of other studies (15, 16) . In Krukenberg tumor patients, ascites may be caused by tumor invasion of the peritoneum or malnutrition, and it is usually associated with dissemination to the abdominal or pelvic cavity. Peritoneal dissemination was reported as an adverse factor affecting survival (17, 18) . In our analysis, high incidence of pelvic invasion or extension beyond the pelvis were also determined as poor prognostic factors. Additionally, the fact that there was no survival difference according to tumor size or bilaterality indicates that the development of ovarian metastases is a sign of more aggressive disease and ovarian metastases are diagnosed late during cancer progression.
Several studies have investigated the options of metastasectomy and cytoreductive surgery for Krukenberg tumor (13, 19, 20) . The role of metastasectomy for Krukenberg tumor was assessed between different primary cancer types, different types of surgery or extent of residual disease. Bilateral oophorectomy for Krukenberg tumor have been shown to positively affect OS in isolated ovarian metastasis patients in an Italian study (21) . Cheong et al (22) reported on 54 patients with Krukenberg tumors who experienced disease relapse following curative surgery of primary gastric cancer. Of the 54 patients who underwent resection of the Krukenberg tumor, the 33 who underwent metastasectomy exhibited a significantly longer median OS compared with those who did not undergo metastasectomy (17 vs. 3 months, respectively). In our study, metastasectomy was also a beneficial prognostic factor in terms of OS. Therefore, resection of metastatic ovarian tumors and cytoreductive surgery as part of the treatment for Krukenberg tumor play a pivotal role in prolonging the survival time of the patients, provided that there is no distant metastasis. In addition to surgical treatment, chemotherapy is also an option. Palliative radiotherapy may be applied for unresectable or distant metastatic Krukenberg tumors. In order to improve survival, there is a need to investigate the optimal management of Krukenberg tumors. For patients with gastric cancer, a Korean study suggested that debulking or gastrectomy plus metastasectomy may achieve survival benefits for patients with distant metastases who were receiving systemic chemotherapy (23) . In our study, over two-thirds of the patients received chemotherapy. The majority of the chemotherapeutic regimens included a platinum agent (cisplatin, carboplatin or oxaliplatin) plus 5-fluorouracil, whereas other patients received docetaxel and paclitaxel, with distinct survival benefits.
In conclusion, in our study, Krukenberg tumors more commonly appeared to originate from primary gastrointestinal tract tumors. The prognosis of Krukenberg tumor is dismal and patients may benefit from ovarian metastasectomy. Metastasis outside the ovaries, ascites and no metastasectomy were independent factors for predicting an unfavorable OS. As Krukenberg tumors are rather rare, a national registry should be created to collect information on these patients, with the aim to improve diagnosis and treatment outcome. The identification of the primary tumor is crucial for designing an effective treatment regimen for this group of patients, whereas imaging examinations and gastrointestinal endoscopy are recommended prior to ovarian metastasectomy.
